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DEPARTMENT OF HEALTH dc FlUMAN SERVICES Public Health Service 

Food and Drug Administration I 
Washington, DC 20204 

NW 2 8 2001 

Julian Spallholz, Ph.D. 
President and CEO 
PharmaSe, Inc. 
34 16 Knoxville Avenue 
Lubbock, Texas 794 13 

Dear Dr. Spallholz: 

This is to inform you that the notification dated October 8,2001, you submitted pursuant to 
21 USC. 350b(a)(2) was received and filed by the Food and Drug Administration (FDA) on 
October 10,200I. Your notification, which represents a resubmission, concerns your intent to 
market for adults only the new dietary ingredient called “L-Se-methylselenocysteine (SeMC)” 
in a dietary supplement providing 100 mcg of selenium that you suggest should be taken up to 
twice a day. 

In May 200 1, you sent FDA an earlier notification about this same level and use of selenium 
in a SeMC dietary supplement. FDA responded in a letter dated July 27,2001, stating that 
your May 2001 notification provided an inadequate basis for concluding that up to 200 mcg of 
additional selenium provided in a SeMC dietary supplement was reasonably expected to be 
safe for adults already consuming a high amount of dietary selenium. 

21 U.S.C. 35Ob(a)(2) requires that a manufacturer or distributor of a dietary supplement that 
contains a new dietary ingredient submit certain information to FDA at least 75 days before 
the dietary ingredient is introduced or delivered for introduction into commerce. This 
information must include the basis on which the manufacturer or distributor has concluded 
that a dietary supplement containing such new dietary ingredient will reasonably be expected 
to be safe. FDA reviews this information to determine whether it provides an adequate basis 
for such a conclusion. Under section 350b(a)(2), there must be a history of use or other 
evidence of safety establishing that the dietary ingredient, when used under the conditions 
recommended or suggested in the labeling of the dietary supplement, will reasonably be 
expected to be safe. If this requirement is not met, the new dietary ingredient is deemed to be 
adulterated under 21 W.S.C. 342(f)(l)(B), b ecause there is inadequate information to provide 
reasonable assurance that the new dietary ingredient does not present a significant or 
unreasonable risk of illness and injury. 
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21 CFR $190.6 specifies the requirements for a premarket notification on a new dietary 
ingredient. These Federal regulations state that an original and two copies of all 
documentation pertaining to a notification must be submitted to FDA. Your notification does 
not comply with this requirement, because you submitted only a single original copy of your 
notification to us. In addition, you included three PubMed abstracts that cannot be completely 
read since they were printed using the portrait versus landscape view, which resulted in 
missing text from the right-hand side of the paper. 

You must provide two more copies of all pages of your current notification to meet the 
minimum requirements of a new dietary ingredient premarket notification. Please also be 
advised, that your notification must include legible copies of all information that you want 
FDA to consider as your basis for concluding that 100 mcg of SeMC in a dietary supplement 
is reasonably expected to be safe for adults when taken up to twice a day. Therefore, if you 
want FDA to consider the cited PubMed abstracts as part of the basis for your safety 
determination of SeMC, please provide us legible copies. You also are welcome to send us in 
triplicate any additional scientific references that support your conclusion of safety. 

Because your current notification does not meet the minimum requirements of 
21 CFR 5 190.6, FDA did not review the evidence of safety information you submitted on the 
level and use of your SeMC dietary supplement. You can correct this deficiency in your 
notification by sending us the additional two copies of your notification as discussed above. If 
you prefer, you instead can elect to send us a new notification that is complete and fully 
complies with 21 CFR $190.6. We will review the safety information for consuming a SeMC 
dietary supplement providing up to 200 mcg of additional selenium a day upon receipt of the 
missing information or a new complete notification. If you opt to amend your current 
notification or send us a new one, we will revise the notification’s filing date, which will be 
the date FDA receives this information. 

For the reasons discussed above, the information in your notification does not provide an 
adequate basis to conclude that a SeMC dietary supplement for adults, when used under the 
conditions recommended or suggested in the labeling of your product (i.e., taken up to twice a 
day), will reasonably be expected to be safe. Therefore, your product may be adulterated 
under 2 1 USC. 342(f)(l)(B) as a dietary supplement that contains a new dietary ingredient at 
a level for which there is inadequate information to provide reasonable assurance that it will 
not present a significant or unreasonable risk of illness or injury. Introduction of such 
products into interstate commerce is prohibited under 2 1 U.S.C. 33 l(a) and (v). 

Your notification will be kept confidential for 90 days from the date of its receipt. After 
January 8,2002, your notification will be placed on public display at FDA’s Dockets 
Management Branch in docket number 95S-03 16. However, any trade secret or otherwise 
confidential commercial information in the notification will not be disclosed to the public. 
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For FDA’s consideration, you may wish to identify in writing specifically what information 
you believe is proprietary in your current notification or in any amended or new notification 
that you may send us. Nevertheless, our Center’s Freedom of Information Officer has the 
authority to make the final decision about what information in the notification should be 
redacted before it is posted at Dockets. 

Should you have any questions concerning this matter, please contact me at (202) 205-4 168. 

Sincerely yours, 

Felicia B. SatcheIl 
Director 
Division of Standards 

and LabeIing Regulations 
Office of Nutritional Products, Labeling 

and Dietary Supplements 
Center for Food Safety 

and Applied Nutrition 
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Felicia B. Satchel1 
Director 

October 8,200l 

Division of Standards and Labeling Regulations 
Office of Nutritional Products, Labeling and Dietary 
Supplements 
Center for Food Safety and Applied Nutrition 
US Food and Drug Administration 
Washington, DC 

Dear Director Satchell: 

On May lo,2001 we made a request to your office for 
permission to change formulation for adults of our dietary 
ingredient Se-methylselenocysteine from 2 - 50 ug Se/day 
tablets (100 ug Se/day) to two 100 ug Se/day tablets for an 
adult dose total of 200 ug Se/day. Our request was rejected 
for safety considerations by your office in your letter to 
PharmaSe, Inc of July 27,200l. We would like to request 
a reappraisal of your rejection of our May lo,2001 request 
to increase our supplements to 200 ug Se/day of Se- 



methylselenocysteine based upon the following 
documentation which is enclosed and Commentary over 3 
points for review consideration. 

1) Your Letter of July 27fi To Us Cites Rejection Based 
upon Supplementation of Selenocysteine and the 
Accumulation of Organic Selenium in Tissues that 
pose a Health Hazard, page 2 paragraph 4. 

Commentary. The supplement is not selenocysteine that 
we are requesting permission to increase to 200 ug Se/day 
page 2, paragraph 4. Our request is for a dietary 
supplementation of Se-methylselenocysteine, a natural 
product produced by plants including garlic, broccoli, 
onions, leeks, other allium plants and also to a lesser degree 
the widely used selenium supplement selenium-yeast. You 
are absolutely correct that L-selenomethionine accumulates 
in protein in place of methionine but Se- 
methylselenocysteine is a non-protein amino acid and 
therefore does not accumulate in body tissues as you so 
stated and implied. Attached are references that 
experimentally show this to be correct. Thus there should 
be no basis for your rejection on the basis of tissue 
accumulation and toxicity of Se-methylselenocysteine. 



2) Presently Marketed Selenium Supplements Contain 
up to 250 ug Se/day 

Commentary. Your letter of July 27* to PharmaSe, Inc 
sites concern of toxicity of a dosage of 200 ug Se/day of 
Se-methylselenocysteine based upon dietary intake, page3 
paragraph 1. Attached is a list of different selenium 
supplements marketed by nineteen different manufacturers 
(names, address and in some cases websites are included). 
These supplements include L-selenomethionine, selenium- 
yeast and/or sodium selenite. Many of these supplements 
are marketed at 200 ug Se/day and most all contain or are 
exclusively L-selenomethionine. All supplements contain 
selenomethionine with the exception of the sodium selenite 
supplement marketed at 250 ug Se/day from Twin Labs, 
All of these selenium supplements except sodium selenite 
would be expected to accumulate and raise tissue levels of 
selenium for which you expressed concern over toxicity. 
Since sodium selenite is potentially much more toxic than 
L-selenomethionine or L-Se-methylselenocysteine (by at 
lease an order of magnitude) selenite appears to be 
marketed without FDA objection or reports of toxicity. 
Additionally, we have attached a copy of the paper by 
Clark et al published in JAMA in 1996 whereby adults 
consumed 200 ug Se/day selenium supplement over a 



period of several years without any reported adverse 
effects. There is presently a very large human prostate 
cancer trial under way where adults are consuming 
supplemental levels of selenium at 200 ug Se/day as L- 
selenomethionine with no adverse effects anticipated or 
having been reported. 

3). Toxicity of Selenium and its Compounds 

Commentary. Your letter to PharmaSe, Inc of July 27fh 
cited supplemental toxicity concerns based upon dietary 
intake page 2, paragraph 6 at which a selenium supplement 
when added to normal dietary intake would reasonably be 
expected to produce chronic selenium toxicity. 

Your data is correct and your conclusions would equally be 
appropriate to apply to most of the selenium supplements 
and their manufactures listed in the attachment where 200 
ug Se/day or more supplementation is supplied per single 
dosage. The reality is that the chronic level of selenium 
toxicity that is suggested in your letter for the upper 
percentile consumer would not be met until a dietary plus 
supplemental level of selenium intake of nearly 8 19 ug 
Se/day was reached. (See enclosed Table). Additionally, 



the toxicity data you cite may not be applicable the natural 
forms of selenium found in foods, L-selenomethionine and 
L-Se-methylselenocysteine. These natural selenoamino 
acids from food are not very toxic (see enclosue) and to our 
knowledge no adverse effects of any selenium supplement 
has been reported at 200 ug Se/day a level of 
supplementation that has been commercially available to 
the public since the early 1980’s. A recent publication 
(copy enclosed) reported that supplementation of humans 
to 296 ug Se/day with selenium actually improve immune 
status. Our own experience in evaluating the dietary 
toxicity of L-selenomethionine and L-Se- 
methylselenocysteine reveals that if there is indeed any 
dietary difference in toxicity between these two amino 
acids, L-selenomethionine is slightly more toxic than Se- 
methylselenocysteine. 

It is our hope that given the levels of selenium 
supplementation presently available to the public within the 
market place for which no adverse selenium effects have 
been reported, the level of supplementation to adults 
published without any reported adverse effects in the past, 
the on going supplemental trials at 200 Se/day by the 
National Cancer Institute’s supported research and our 
assurance to you that there is no significant experimental 



differences between the toxicity of L-selenomethionine and 
Se-methylselnocysteiene that the FDA can grant to us with 
confidence permission to increase the optional adult 
supplementation recommendation on a label to 200ug 
Se/day as Se-methylselenocysteine. Were there any 
concerns or data from the literature to suggest to us 
complete safety of Se-methylselenocysteine we certainly 
would not make this request for increasing supplemental 
levels. 

We appreciated your time spent in the past review of our 
request and we will be happy to submit any additional 
information, which shows Se-methylselenocysteine to be 
non-toxic under any reasonable level of supplementation at 
or less than 200 ug Se/day. Thank you. 

Sincerely, 

Julian Spallholz, PhD 
President and CEO 
PharmaSe, Inc 

enclosures 



1. 

2. 

3. 

4. 

Companies that Retail Selenium Supplenients 

Country Life 
Hauppauge NY 11788 
200 ug Se as yeast selenomethionine 
www.countrv-life.com 

Twin Labs 
Ronkonkoma, NY 11779 
250 ug Se as sodium selenite 
www.veromaxxx.com/TwinLab/ 

Solaray Made They are a label for Nutraceutical Corp 
200 ug Se as yeast selenomethionine 

Natural Factors 
3686 Bonneville Place, 
Bumaby BC 
Canada V3N 4T6 
Tel: (604) 415-4187 Fax: (604) 420-0743 
100 ug Se as yeast selenomethionine 
www .naturalfactors.com 

5. Now Foods 
Bloomingdale IL 60108 
www.Nowfoods.com 
200 ug Se as selenomethionine advertised as yeast free do not take more than one 

capsule daily 
sales@nowfoods.com 
intemationalsales@nowfoods.com 
888-NOW-FOODS 

6. BlueBonnet 
Sugarland, TX 77478 
200 ug Se as selenomethionine 



7. Solgar 
500 Willow Tree Road 
Leonia, N.J. 07605 
200 ug Se as selenomethionine they also sell a 200ug yeast product (from Cypress) and a 
150 ug Se as selenomethionine plus vitamin E (5001U) 
www.sohzar.com 
l-877-765-4274 (for Consumers) 
l-800-645-2246 (for Retail Stores) 

8. Natures Plus.com 
Natural Organics Headquarters 
548 Broadhollow Rd. 
Melville, NY 11747-3708 
Email - Info@naturesplus.com 
Telephone - (63 1) 293-0030 
Fax - (631) 293-0349 

httn://www.naturesnlus.com 
200 ug Se as selenomethionine yeast plus 100 IU Vit E 

9. Jarrow FormulasTM 
1824 S. Robertson Blvd 
Los Angeles, CA 90035 
(800)726-0886 
www.iarrow.com 
200 Se as ug selenomethionine 

10. Nutraceutical Corp. 
1400 Kearns Blvd., Second Floor 
Park City, UT 84060. Call 800.669.8877 
200 ug Se as selenomethionine yeast they also have a 100 ug yeast free capsule 
www.nutraceutical.com 
their brands are Solaray, KAL, NaturalMax, VegLife, Premier One, Solar Green and 
Natural Sport 

11. Whole Foods Inc. 
601 N. Lamar 
Austin, TX 78703 
200 ug Se as selenomethionine 
5 12-477-5566 
www.wholefoods.com 
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12. New Chapter 

22 High Street 
Brattleboro, VT 05301 
(800) 543-7279 Fax: (800) 470-0247 info@new-chapter-corn 
200 ug Se as selenomethionine yeast 
www.Newchanter.com 
800-543-7279 

13. Wild Oats 
3375 Mitchell Lane 
Boulder, CO 80301 
www.wildoats.com 
800494-WILD 
200 ug Se as selenomethionine yeast 

14. Natures Life 
7 180 Lampson Ave. 
Garden Grove, CA 92841 
httn://www.natlife.com/ 
(7 14) 379-6500 FAX (714) 379-6501 
200 ug Se as selenomethionine yeast 

15. Megafood 
P.O. Box 325 
Dell-y, NH 03038 
www.megafood.com 
800-848-2542 FAX 603-432-2 111 
100 ug Se as foodstate ?? selenium 

16. Walgreens 
200 Wilmot Road 
Deer-field, IL 60015 
(847) 9 14-2500 
httn://www.wakreens.com 
200 ug Se as selenomethionine yeast made by Nutrition 21 



17. Nature Made 
Mission Hills, CA 9 1346 
800-276-2878 
www.naturemade.com 
200 ug Se as selenomethionine yeast 

18. Sundown 
6111 Broken Sound Pkwy. N.W. 
Boca Raton, FL 33487 
httn://www.rexallsundown.com 
(800) 327-0908 
200 ug Se as selenomethionine yeast 

19. Linear Health Products 
Carson CA 90745 
selenium 



Se w/day ug Se/kp Bode WeiPht Chemical Form Effect(s1 

Cl1 co.20 Dietary Keshan Disease 
Kashin-Beck Disease 

16 

41 

55 
55 
73 

0.31 

0.67 

Dietary 

Dietary 

Dietary 

Minimum Dietary Requirement 

Adequate dietary Requirement 

---mm 
---mm 
---mm 

---- 
-..-- 

---- 

_--- 

1989 US RDA for Women 
1999 US RDA for Women 
2000 a Calculated Required 
US RDA for Women 
(Rayman, The Lancet, 2000) 

70 
55 

80-165 

Dietary 1989 US RDA for Men 
1999 US RDA for Men 

Dietary US Dietary Intake Range 

Dietary 
100 

300+ 

Glutathione Peroxidase 
Saturation of Platelets 

200 ug Se/day Supplements, 
Selenomethionine 

Immune Enhancement, 
Cancer Reductions in 
Humans, NC1 SELECT 
Trial 

350 

400 

5 

600 11 

724 

819 15 

Essentiality of Selenium in Humans 

Diet and Supplements RtD 70 kg Adult 

Diet and Supplements Suggested Maximum Safe 
Limit 

Diet and Supplements Individual Maximum Safe 
Limit 

Diet and Supplements Level Identified as Safe 
in Adult Americans 

Diet and Supplements Maximum Safe Limit 
WA-W 
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Toxicity of Selenium in Humans 

uP/dav Se UP Se/kg Bodv Weight Chemical Form Effect(sl 

900 17 Diet and Supplements Low Level Toxicity 
(Individual LOAEL) 

1000 - --em Diet and Na2Se03 Supplement Personally Known 
Intake Daily for 

YearswithNOAEL 

1,540 28 Diet and Supplements Low Level Toxicity 
(Mean LOAJZL) 

1,600 30 Diet and Supplements Adverse Effective 
Level 

5,000 90 Diet and Supplements Selenosis, Hair and 
Nail Loss 

15,000 270 Diet and Supplements Overt Selenosis 
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q 1: JAMA 1996 Dee 25;276(24): 1957-63 

Erratum in: 
l JAMA 1997 May 21;277(19):1520 

Related Articles, Books, LinkC 

Comment in: 
l JAMA. 1996 Dee 25;276(24): 1984-5 
l JAMA. 1997 Mar 19;277(11):880-1; discussion 881 
l JAMA. 1997 Mar 19;277(11):880; discussion 881 

Related Resources 
Order Documents 
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Clinical Alerts 
ClinicalTrials.gov 
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Effects of selenium supplementation for cancer prevention in 
patients with carcinoma of the skin. A randomized controlled 
trial. Nutritional Prevention of Cancer Study Group. 

Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, 
Davis LS, Glover RA, Graham GF, Gross EG, Krongrad A, Lesher JL J 
Park HK, Sanders BB Jr, Smith CL, Taylor JR. 

Privacy Policy 
Arizona Cancer Center, College of Medicine, University of Arizona, Tucson. 
USA. 

OBJECTIVE: To determine whether a nutritional supplement of selenium wi 
decrease the incidence of cancer. DESIGN: A multicenter, double-blind, 
randomized, placebo-controlled cancer prevention trial. SETTING: Seven 
dermatology clinics in the eastern United States. PATIENTS: A total of 1312 
patients (mean age, 63 years; range, 18-80 years) with a history of basal cell 
squamous cell carcinomas of the skin were randomized from 1983 through 
1991. Patients were treated for a mean (SD) of 4.5 (2.8) years and had a total 
follow-up of 6.4 (2.0) years. INTERVENTIONS: Oral administration of 200 
microg of selenium per day or placebo. MAIN OUTCOME MEASURES: Tl 
primary end points for the trial were the incidences of basal and squamous cz 
carcinomas of the skin. The secondary end points, established in 1990, were 
all-cause mortality and total cancer mortality, total cancer incidence, and the 
incidences of lung, prostate, and colorectal cancers. RESULTS: After a total 
follow-up of 8271 person-years, selenium treatment did not significantly affe 
the incidence of basal cell or squamous cell skin cancer. There were 377 nen 
cases of basal cell skin cancer among patients in the selenium group and 350 
cases among the control group (relative risk [RR], 1.10; 95% confidence 
interval [CI], 0.95-l .28), and 2 18 new squamous cell skin cancers in the 

http://www.ncbi.nlm.nih. gov/entrez/query.fcgi?cmd=Retieve&db=PubMed&list_uids=897 1 C.. . 1 O/5/01 
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selenium group and 190 cases among the controls (RR, 1.14; 95% CI, 0.93- 
1.39). Analysis of secondary end points revealed that, compared with control 
patients treated with selenium had a nonsignificant reduction in all-cause 
mortality (108 deaths in the selenium group and 129 deaths in the control 
group [RR; 0.83; 95% CI, 0.63-1.081) and significant reductions in total cant 
mortality (29 deaths in the selenium treatment group and 57 deaths in control 
ERR, 0.50; 95% CI, 0.31-O.SO]), total cancer incidence (77 cancers in the 
selenium group and 119 in controls [RR, 0.63; 95% CI, 0.47-0.85]), and 
incidences of lung, colorectal, and prostate cancers. Primarily because of the 
apparent reductions in total cancer mortality and total cancer incidence in the 
selenium group, the blinded phase of the trial was stopped early. No cases of 
selenium toxicity occurred. CONCLUSIONS: Selenium treatment did not 
protect against development of basal or squamous cell carcinomas of the skir 
However, results from secondary end-point analyses support the hypothesis 
that supplemental selenium may reduce the incidence of, and mortality from, 
carcinomas of several sites. These effects of selenium require confirmation ir 
an independent trial of appropriate design before new public health 
recommendations regarding selenium supplementation can be made 

Publication Types: 
0 Clinical trial 
l Multicenter study 
l Randomized controlled trial 

PMID: 897 1064 [PubMed - indexed for MEDLINE] 

Write to the Help Desk 
NCsrINLMINIH 

Department of Health & Human Services 
Freedom of Information Act 1 Disclaimer 
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Decreased incidence of prostate cancer with selenium 
supplementation: results of a double-blind cancer prevention 
trial. 

Clark LC, Dalkin B, Krongrad A, Combs GF Jr, Turnbull BW, Slate EI 
Witherington R, Herlong JEI, Janosko E, Carpenter D, Borosso C, Falk I 
Rounder J. 

Related Resources 
Order Documents 
NLM Gateway 
Consumer Health 
Clinical Alerts 
ClinicalTrials.gov 
PubMed Central 

Privacy Policy 

Arizona Cancer Center, College of Medicine, University of Arizona, Tucson 
85716, USA. 

OBJECTIVE: To test if supplemental dietary selenium is associated with 
changes in the incidence of prostate cancer. PATIENTS AND METHOD: A 
total of 974 men with a history of either a basal cell or squamous cell 
carcinoma were randomized to either a daily supplement of 200 microg of 
selenium or a placebo. Patients were treated for a mean of 4.5 years and 
followed for a mean of 6.5 years. RESULTS: Selenium treatment was 
associated with a significant (63%) reduction in the secondary endpoint of 
prostate cancer incidence during 1983-93. There were 13 prostate cancer cas 
in the selenium-treated group and 35 cases in the placebo group (relative risk 
RR=O.37, P=O.O02). Resticting the analysis to the 843 patients with initially 
normal levels of prostate-specific antigen (< or = 4 ng/mL), only four cases 
were diagnosed in the selenium-treated group and 16 cases were diagnosed ii 
the placebo group after a 2 year treatment lag, (RIHl.26 P=O.O09). There we 
significant health benefits also for the other secondary endpoints of total 
cancer mortality, and the incidence of total, lung and colorectal cancer. Then 
was no significant change in incidence for the primary endpoints of basal am 
squamous cell carcinoma of the skin. In light of these results, the ‘blinded’ 
phase of this trial was stopped early. CONCLUSIONS: Although selenium 
shows no protective effects against the primary endpoint of squamous and 
basal cell carcinomas of the skin, the selenium-treated group had substantial 
reductions in the incidence of prostate cancer, and total cancer incidence and 
mortality that demand further evaluation in well-controlled prevention trials. 

Publication Types: 
0 Clinical trial 
l Randomized controlled trial 
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t] 1: Med Klin 1997 Sep 15;92 Suppl3:42-5 Related Articles, Books, LinkC 

Reduction of cancer mortality and incidence by selenium 
supplementation. 

Combs GF Jr, Clark LC, Turnbull BW. 

Division of Nutritional Sciences, Cornell University, Ithaca, NY, USA. 
gfc2@comell.edu 

PATIENTS AND METHOD: In order to test the hypothesis that a dietary 
supplement of selenium (Se) may reduce cancer risk, 13 12 patients with 
histories of bass/squamous cell carcinomas of the skin were assigned in 
random, double-blind fashion to daily oral supplements of either Se-enriched 
yeast (200 micrograms Se/day), or a low-Se yeast placebo. Patients were 
recruited in 1983 to 1990 and were followed with regular dermatologic 
examinations through, 1993 for a total of 8269 person-years of observation. 
Skin cancer diagnoses were confirmed histologically and plasma Se 
concentration was determined at 6 to 12 months intervals. All deaths and 
patient-reported illnesses were confirmed and documented by consultation 
with the patient medical care providers. RESULTS: Results showed that Se- 
supplementation did not significantly affect the incidences of recurrent 
basal/squamous cell carcinomas of the skin. However, Se-treatment was 
associated with reductions in total cancer mortality and in the incidences of 
lung, colorectal, prostate and total cancers. These effects were consistent ove 
time and between study clinics. CONCLUSION: The results strongly sugges 
benefits of Se-supplementation for this cohort of patients and support the 
hypothesis that supplemental Se can reduce risks to at least some types of 
cancer. 

Publication Types: 
0 Clinical trial 
l Randomized controlled trial 

PMID: 93429 15 [PubMed - indexed for MEDLINE] 
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Commentary 

Nutritional Selenium Supplements: Product Types, 

Quality, and Safety 

Rey words: selenium, selenomethionine, selenium yeast, sodium selenite, sodium selenate, dietary supplements 

Selemum supplements contam selemum in different chemical forms. In the majority of supplements, the 

selenium IS present as selenomethtonine. However. in multivitamin preparations, infant formulas, protein mixes, 

weight-loss products and ammal feed, sodmm selenite and sodrum selenate are predominantly used In some 
products, selenium IS present in protein- or amino acid chelated forms; in still others, the form of selenium is not 

drsclosed. Current evtdence favors selenomethionine over the other forms of selemum. Extradietary supplemen- 

tatton of selenium at the dosage of 200 micrograms per day is generally considered safe and adequate for an adult 
of average weight subsisting on the typical American diet. 

The typical American diet provides the average adult with 
about 80 to 150 micrograms of selenium per day, which is more 
than the newly revised RDA for selenium of 55 pg [ 11, but less 
than one half of the amount considered optimal for utilization 
of the protective potential of selenium, especially for cancer 
prevention [2,3]. Accordingly, extradietary selenium supple- 
mentation is increasingly recommended by health profession- 
als. Pending the outcome of ongoing human cancer prevention 
trials, selenium supplementation is likely to be officially rec- 
ognized as a means of lowering cancer risk. These develop- 
ments raise the question as to which form of selenium is the 
most desirable for supplementation. In addition, the quality and 
safety of the selenium supplements become matters of concern. 

Nutritional Forms of Selenium 

Ideally, selenium should be supplemented in the form or 
forms in which it occurs in major staple foods. Since more than 
80% of the total selenium in seleniferous corn, wheat and 
soybeans consists of L(+)-selenomethionine [4], this amino 
acid is the most appropriate supplemental form of selenium. 
Some other compounds, namely Se-methylselenocysteine and 
selenocystathionine are present primarily in selenium accumu- 
lator plants [5], but also in broccoli, garlic and onions if these 
are grown in Se-rich media [6]. Se-methylselenocysteine has 
recently been suggested as a possible form of selenium for 
cancer prevention [7], but its value relative to selenomethionine 

as a supplemental source of selenium still remains to be dem- 
onstrated. Moreover, Se-methylselenocysteine, as well as sel- 
enocysteine (or -cystine), selenohomocysteine (or homocys- 
tine), selenocystathionine and y-glutamyl-Se-methylcysteine 
are normally found in edible plants only in nutritionally insig- 
nificant amounts. Selenomethionine, however, replaces methi- 
onine in plant proteins and thus is the major form of selenium 
for higher animals and humans. Selenomethionine is well ab- 
sorbed and is either metabolized directly or is incorporated into 
body proteins in place of methionine. The extent of selenome- 
thionine incorporation into proteins depends on the dosage and 
methionine status and diminishes at high methionine intakes 
[8,9]. Selenomethionine is incorporated primarily into the pro- 
teins of the skeletal muscles, erythrocytes, pancreas, the liver, 
stomach, the kidneys and the gastrointestinal mucosa [lo]; its 
release from body proteins is linked to protein turnover and 
occurs continuously. At constant intakes of selenomethionine, a 
steady state is established which is maintained indefinitely and 
over a large range of intakes. 

Blood Se levels and dietary Se intakes thus primarily reflect 
the selenomethionine content of foods [ 111. Selenomethionine 
not used for protein synthesis is degraded by the transulfuration 
pathway to selenocysteine and subsequently, in the liver, to 
serine and selenide [3]. In the liver of the rat, selenomethionine 
is in part also degraded by a y-lyase to methylselenol and 
homoserine[ 121. Just as methionine can serve as the sole source 
of sulfur, selenomethionine provides all forms of bioactive 
selenium needed for selenoprotein biosynthesis. However, 
since selenomethionine belongs to the group of amino acids 
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which higher animals and humans cannot synthesize, sel- 
enomethionine may also be needed for some specific functions 
in the organism. For example, selenomethionine has been sug- 
gested to act as a cellular antioxidant; on reaction with per- 
oxynitrite, selenomethionine oxide formed which is reduced 
back to selenomethionine by ascorbic acid [ 131. 

Supplemental Forms of Selenium 

Unfortunately, not much was known about selenomethi- 
onine In the early 1970s. when regulatory agencies had to 
decide which selenium compounds to allow for use in animal 
feed. The approval in 1974 of sodium selenite and sodium 
selenate as feed additives created an unsatisfactory situation. 
First, the approval suggested that these inorganic selenium salts 
are nutritional forms of selenium, which they are not. Secondly, 
the approval diverted attention from selenomethionine, which 
was soon recognized to be superior to the inorganic selenium 
salts [ 141. However, at the time the regulatory action was taken, 
only the inorganic selenium salts were available at a cost 
permitting their use in animal feed. 

In the search for an economical source of organic nutritional 
forms of selenium, attempts were made to increase the nor- 
mally low selenium content of yeast by growing it in selenium- 
enriched media. Yeast was chosen because it can be produced 
in quantity under controlled conditions and was known to 
contain a highly bioactive organic form of selenium. Yeast had 
also played a major role in the discovery of the nutritional 
essentiality of selenium, when it was shown to contain ‘Factor 
3,’ the naturally occurring selenium compound most effective 
in preventing dietary liver necrosis in the rat [15]. Although 
Factor 3 was as such not identified, from what is known today, 
it must have consisted primarily of selenomethionine. By the 
mid 197Os, the first ‘high selenium yeasts’ became commer- 
cially available. Today’s commercial products typically contain 
from 1.W to 2,000 micrograms of selenium per gram, with 
90+% of the selenium in the form of L(+)selenomethionine 
[3,16]. In 1983, this selenomethionine-rich yeast was chosen as 
the source of selenium for a large-scale cancer prevention trial 
[ 171. This trial showed that taking an extra 200 micrograms of 
selenium per day significantly lowered the risks of developing 
prostate, lung and colorectal cancer. 

In 1984, synthetic selenomethionine became available. It is 
used in supplements specifically formulated to be yeast-free. or 
when a concentrated, compact source of selenium is required. 
Since selenomethionine, like all amino acids, can exist in the L- 
and in the D-form and since only the L-isomer occurs naturally 
in foods, this form is preferable for use in supplements intended 
for humans; for use in animal feed, the D,L-mixture of the 
isomers is deemed acceptable [3]. 

Yeast-selenium at the level of 0.3 ppm in feed dry matter 
was twice as effective as selenite in increasing the selenium 
content of the sirloin muscles in pigs [ 181; it also raised the 
selenium levels in serum and the liver significantly more than 

selenite [ 191. Selenium yeast accordingly has been recom- 
mended for general use in animal nutrition [20). In June, 2000, 
the use of selenium yeast in poultry broiler and layer diets was 
FDA approved. This is only the beginning of a development 
which will eventually result in the complete replacement of the 
inorganic selenium compounds as feed additives by selenome- 
thionine or nutritional sources thereof. 

Quality Concerns 

Popular demand for selemum supplements requires the cau- 
tionary note that the quality of some of the presently marketed 
supplements is questionable. Some products, for example, are 
made with yeasts containing inorganic selen&m (selenite or 
selenate) instead of selenomethionine [21,22]. Since only sel- 
enomethionine-containing yeast was used in the cancer preven- 
tion trial, the form of selenium actually present should be 
indicated, but this is often not done. In other supplements, the 
form of selenium is stated but is ill-defined. Supplements 
containing ‘selenium proteinates‘ or ‘selenium amino acid che- 
lates’ belong to this category. In some multivitamin prepara- 
tions, both sodium selenite and vitamin C are present. In such 
supplements, elemental selenium may gradually form by the 
reaction of selenite with vitamin C [23]. Although the quality of 
selenium supplements is steadily improving, the supplement 
industry has still a ways to go before its selenium products can 
be generally recommended. 

Selenium in Infant Formulas, Protein Mixes and 
Weight-Loss Products 

Infant formulas, protein mixes and weight loss products still 
use almost exclusively sodium selenite or sodium selenate. The 
continuing use of the inorganic selenium compounds is difficult 
to justify. This is especially true for infant formulas, which 
through the use of the inorganic selenium salts deprive the 
growing infant of the benefits which only selenomethionine can 
provide. Studies with preterm infants [24.25] have already 
demonstrated that selenium yeast is safe and effective for 
enteral selenium supplementation. Selenium yeast and sel- 
enomethionine were furthermore shown to be superior to se- 
lenite in studies with nursing mothers; specifically, more sele- 
nium appeared in the milk of mothers obtaining selenium from 
selenomethionine than from selenite [26]. 

Safety of Selenium Supplements 

As to the safety of selenium, a supplemental dose of 200 
micrograms per day would cause the total daily selenium intake 
of an average adult to increase to 280 to 350 micrograms. This 
is a safe amount since. it is below or equal to the Reference 
Dose (RfD) for selenium, which, for an adult of 70 kg, was set 
by the EPA at 350 micrograms [27]. The RfD is defined as ‘an 
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estimate (with uncertainty spanning perhaps an order of mag- 
nitude) of a daily exposure to the population (including sensi- 
tive subgroups) that is likely to be without an appreciable risk 
of deleterious effects during a lifetime.‘ In line with this deli- 
nition. studies have shown that prolonged daily selenium in- 
takes of 750 to 850 micrograms do not produce adverse effects. 
Intakes of selenium of this magnitude were provisionally sug- 
gested to represent the ‘No Adverse Effect Level’ (NOAEL). 
The ‘Lowest Adverse Effect Level’ (LOAEL), defined as the 
‘average daily selenium intake causing individuals within a 
population to develop overt signs of toxicity,’ is believed to be 
in the order of 15402653 micrograms/day [28]. ‘Low Adverse 
Effects’ of selenium usually do not develop after a single dose 
of this magnitude, but only after weeks or months of exposure. 
Moreover, the early warning signs of selenium overload are 
easily recognized. Accordingly, a wide margin of safety exists 
when 200 micrograms of selenium are taken daily, and even if 
this amount is temporarily exceeded, no adverse affects need to 
be feared. Indeed, selenium has an excellent safety record, and 
the only cases of selenium toxicity, which occurred several 
decades ago, were due to inadvertent dosage errors by inexpe- 
rienced supplement manufacturers which were not using sele- 
nium yeast or selenomethionine in their products. 
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I 
ABSTRACT 

Eleven men were fed foods naturally high or low in selenium for 
120 d. Selenium intake was stabilized at 47 pg/d for 21 d, then 
changed to either 13 or 297 vg/d for 99 d, leading to significantly 
different blood selenium and glutathione peroxidase concentrations. 
Serum immunoglobulins, complement components, and primary anti- 
body responses to influenza vaccine were unchanged. Antibody titers 
against diphtheria vaccine were 2.5-fold greater after reinoculation in 
the high selenium group. White blood cell counts decreased in the 
high-selenium group and increased in the low-selenium group, result- 
ing primarily from changes in granulocytes. Apparent increases in cy- 
totoxic T-lymphocytes and activated T-cells in the high-selenium 
group only approached statistical significance. Lymphocyte counts 
increased on d 45 in the high-selenium group. In vitro proliferation of 
peripheral lymphocytes in autologous serum in response to poke- 
weed mitogen was stimulated in the high-selenium group by d 45 
and remained elevated throughout the study, whereas proliferation in 
the low selenium group did not increase until d 100. This study indi- 
cates that the immune-enhancing properties of selenium in humans 
are the result, at least in part, of improved activation and prolifera- 
tion of B-lymphocytes and perhaps enhanced T-cell function. 

Index Entries: Selenium; secondary immune response; leuko- 
cytes; lymphocytes; white blood cells; granulocytes; blastogenesis; 
antibody titers; mitogens. 

*Author to whom all correspondence and reprint requests should be addressed. 
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Selenium and immunity 191 

T-lymphocyte genome suggests that selenoproteins may be encoded in 
the +1 reading frame overlapping the human CD4, CD8, and HLA-DR 
genes (23). Many more selenoproteins of unknown functions have been 
observed in animals (24) that have not been confirmed in humans, sug- 
gesting the possibility that selenium may affect the immune function by 
mechanisms not yet anticipated. 

We fed 11 men a controlled diet of conventional foods with naturally 
high or low selenium contents for 120 d while confined in a metabolic 
research unit to identify the effects in humans of dietary selenium as it 
occurs naturally in foods. In this report, we present results describing the 
effects of these diets on immune status, functions, and responses. 

SUBJECTS AND METHODS 

Subjects 
Twelve healthy male volunteers were recruited for this study from a 

pool of 148 candidates who passed an initial telephone screening. Exclu- 
sion criteria were the following: weight for height greater than 125% of 
ideal (25); use of selenium supplements or selenium-containing sham- 
poos; abnormal electrocardiogram, blood ceil counts, clinical chemistries 
or semen analysis; HIV infection; use of illegal drugs; habitual use of 
tobacco or alcohol; chronic use of medications; history of psychiatric ill- 
ness; and history of thyroid or heart disease, syphilis, hepatitis, diabetes, 
hypertension, or hyperlipidemia. One subject in the high selenium group 
withdrew from the study after 60 d for personal reasons unrelated to the 
study, and his data are not included. The baseline characteristics of the 
11 subjects who completed the study are shown in Table 1. There were 
no significant differences between the groups with respect to any of these 
characteristics. 

The subjects were confined in a metabolic research unit for 120 d 
under 24 h supervision by staff members. Subjects participated in two 
required 2-mile walks per day and were always escorted by staff mem- 
bers when out of the metabolic research unit. No other forms of exercise 
were permitted. The study protocol was approved by the Human Sub- 
jects Review Committees of the University of California at Davis and the 
US Department of Agriculture. The protocol was reviewed with the study 
volunteers and their informed consent was obtained in writing prior to 
the study, in accordance with the Common Federal Policy for Protection 
of Human Research Subjects. 

Experimental Diets and Treatments 
Subjects were fed a diet composed of conventional foods, based on 

beef and rice as staples, with nonfat milk powder as a protein supplement. 
To increase the intake of micronutrients, one multivitamin, multimineral 
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Table 1 
Baseline Characteristics of Subjects Eating the Low-Selenium 

and High-Selenium Diets 

Low selenium High selenium 
group (n = 6) group (n = 5) 

mean ? SD range mean + SD range 

Age (y) 31 + 9 26 - 45 35 f 7 20 - 44 
Height (cm) 181.2 rt 4.2 174 - 185 178.1 + 5.8 170 - 184 
Weight (kg) 74.9 + 9.8 66 - 90 73.5 +- 12.6 60 - 94 
Energy intake (MJ/d) 11.8 -+ 1.4 10.9 - 14.6 10.9 5 1.0 10.0 - 14.0 
BMI (kg/m2)* 22.8 + 3.3 19 - 27 23.3 + 4.4 18 -29 
Body fat (kg) 12.1 * 4.9 6.2 - 21 13.8 k 11.7 2.8 - 31 
Plasma Se (pmol/L) 1.49 f 0.10 1.33 - 1.62 1.34 + 0.24 1.15 - 1.67 
Plasma GPx (U/mg)$ 2.0 2 0.4 1.3 - 2.5 1.8 k 0.3 1.6 - 2.2 
Serum T3, nmol/L 1.57 f 0.25 1.1 - 1.8 1.82 + 0.36 1.5 - 2.3 
Serum TSH, mU/L 1.69 f 0.30 1.2 - 2.1 2.25 rt 0.81 1.5 - 2.6 

*BMI-body mass index (weight/heighP). 
SGlutathione peroxidase specific activity (enzyme units per milligram protein). 

supplement tablet, free of selenium (Unicap M, Upjohn Co., Kalamazoo, 
MI), was administered to each subject each day. The total diet (food plus 
supplements) contained at least 100% of the recommended dietary 
allowance (RDA) (26) for all nutrients except magnesium (56%), calcium 
(72%), and selenium (27) (Table 2). The diet was fed in three daily meals 
and an evening snack, in a repeating cycle of eight daily menus, using 
the same quantities of rice, beef, and powdered milk every day. Foods for 
each meal were individually weighed to the nearest gram. All meals 
were consumed completely under the direct observation of staff mem- 
bers. Plates were cleaned with rubber spatulas, cups and glasses were 
rinsed with distilled water, and the residues were consumed. 

For the first 21 d, all subjects were fed a diet that provided 47 pg/d 
of selenium at the average energy intake of 11.7 MJ/d to adapt the sub- 
jects to the experimental diet and stabilize their body weights. The initial 
energy requirement for each subject was estimated from the Harris- 
Benedict equation, and the energy intake of each subject was subse- 
quently adjusted as needed to compensate for any changes in body 
weight. When energy intakes were changed, all components of the diet 
were adjusted proportionally such that the relative composition of the 
diet did not change. 

On d 22, after blocking into six pairs matched for blood selenium con- 
centrations, the subjects were randomized to either the low-selenium diet 
(13 ug/d at 11.7 MJ/d) or the high-selenium diet (297 l.tg/d at 11.7 MJ/d) 
for the remaining 99 d. The only difference between the experimental 
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Table 2 
Diet Composition 

193 

Daily intake (per 11.7 MJ) RDA 

Protein 
Carbohydrate 
Fat 

saturated fat* 
monounsaturated fat* 
polyunsaturated fat* 

Fiber* 
Cholesterol* 
Selenium (stabilization diet) 
Selenium (low selenium diet) 
Selenium (high selenium diet) 
Iodine* 
Calcium 
Iron 
Magnesium 
Phosphorus 
zinc 
Copper 
Manganese 
Potassium 

68.5 g (10.6% of energy) 
357 g (55% of energy) 
99.2 g (34.4% of energy) 
32.0 g 
35.7 g 
25.8 g 
6.1 g 
253 mg 

47PLg 
13 CLg 
297 clg 
280 pg 
572 mg 
28.3 mg 
195 mg 
1013 mg 
28.4 mg 
2.93 mg 
3.68 mg 
2645 mg 

63 g 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
ma. 
n.a. 

55 CL!3 
55 I% 
55 i% 
150 Pg 
800 mg 
10 mg 
350 mg 
800 mg 
15 mg 
1.5-3 mgt 
2-5 rngt 
1875-5625 rngt 

Note: Unless otherwise indicated, values are from analyses of composites of foods 
from each experimental diet. Contributions from the daily multivitamin, multimineral 
supplement are included. 

*Dietary component estimated from food composition tables (28). 
*Estimated Safe and Adequate Daily Dietary Intake (29). 

diets was the geographic origin of the rice and beef staples, which were 
obtained from regions with either very high or very low soil selenium; 
all other components of the three diets were identical. Subjects and the 
analysts were blinded to which subjects were eating which diets. 

A metabolic tracer experiment was conducted beginning on d 110, 
using a stable isotope of selenium. On this day only, all subjects were fed 
the low selenium diet and were administered an oral dose of Na275eOs 
(10 Fg selenium for the low-selenium group or 300 pg selenium for the high- 
selenium group) with the morning meal. Because the amounts and chemi- 
cal form of selenium given to the subjects on d 110 were different from the 
selenium in the foods, measurements made after d 110 (DHS skin responses 
and serum antibody responses to rechallenges with diptheria and tetanus 
vaccines) may have been affected by the stable isotope administration. 
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Laboratory Measurements 

Hawkes, Kelley, and Taylor 

Blood samples were collected between 0700 and 0800, after an over- 
night fast of 12 h into evacuated tubes containing heparin (in vitro prolifer- 
ation assays), or EDTA (blood cell counting and lymphocyte phenotyping), 
or without anticoagulants (serum). Complete blood counts, lymphocyte 
phenotypes, serum immunoglobulins, and complement fractions were 
determined as previously reported (30). After centrifugation, erythrocyte, 
serum, and plasma samples were immediately frozen and stored at -70°C 
until analyzed. Selenium was measured by fluorescence-derivatation 
high-performance liquid chromatography (I-PLC) (31). Selenium-dependent 
glutathione peroxidase activity and total protein were determined by 
automated calorimetric methods (32,33). 

Isolation and Culture of PBMNCs 
Peripheral blood mononuclear cells (PBMNC) were isolated by using 

Histopaque-1077 (Sigma Chemical Co, St. Louis, MO) and maintained in 
culture as previously reported (34). The culture medium used was RI’MI- 
1640 (Gibco, Grand Island, NY) with L-glutamine (2 mmol/L), fetal bovine 
serum (100 mL/L), penicillin (100 kU/L), streptomycin (100 mg/L), and 
gentamicin (20 mg/L). One hundred microliters of the culture medium 
containing 1 x 10s PBMNCs was seeded in each well of a 96-well culture 
plate. An additional 100 l,tL of culture medium with or without the mito- 
gens was added to each well. The T-cell mitogens used in this study 
were phytohemagglutinin (PHA) and Concanavalin A (Con A) and the 
B-cell mitogen was pokeweed. Pokeweed, PI-IA, and Con A were pur- 
chased from Sigma Chemical Co. Each mitogen was used at two con- 
centrations; the concentrations (mg/L) of the mitogens were PHA 5 and 
10, Con A 10 and 20, and pokeweed 1.0 and 2.0. PBMNCs were cultured 
for 72 h; [sH]thymidine, 37 kBq in 50 PL, was added to each well during 
the last 6 h. Thymidine incorporation into cellular DNA (1 Bq/lOOO cell) 
was used as the index of PBMNC proliferation. 

Determination of NK Cell Activity 
Natural-killer cell activity was determined using the nonadherent 

PBMNC and the srCr-labeled K-562 cells at effector: target cell ratios of 
100: 1, 50 : 1, 25 : 1, 12.5 : 1, 6.2 : 1, and 3.1 : 1 as previously described (35). 
Six wells were used for each effector cell concentration and for the spon- 
taneous and maximal release (caused by 3% centrimide) of Wr. After 4 
h incubation at 37°C in 5% CO2, the plates were centrifuged and aliquots 
of supernatant collected to determine the srCr released. Percent lysis was 
calculated as 

%Lysis = 
(Experimental CPM - Spontaneous CPM) x loo 

(Maximum CPM - Spontaneous CPM) 
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195 Selenium and Immunity 

DHS Skin Responses 
During the baseline period (d 8-11) and at the end of the study 

(d 113-116), DHS skin response to seven recall antigens was assayed by 
intradermally injecting 0.1 mL of each antigen solution into the forearm. 
The antigens used were tuberculin purified-protein derivative (one or . 
five international test units), mumps (four complement-fixing test units), 
tetanus toxoid (1 : 100, [v/v] dilution of a solution containing 4 floccula- 
tion units/O.5 mL), candida (1 : 100 [v/v] dilution), trichophyton (1 : 30 
[v/v] dilution), streptokinase streptase (100 and 200 kU/L), and coccid- 
ioidin (bioequivalent to US reference coccidioidin 1 : 100; provided by the 
Office of Biologics, Food and Drug Administration). The antigens were 
diluted with a diluent containing, per liter, 3 mL normal human serum 
and 9 g sodium chloride. Tuberculin purified-protein derivative, mumps, 
and tetanus toxoid were supplied by Connaught Laboratories Inc. (Swift- 
water, PA). Candida (Dermatophyton 0), trichophyton, and the antigen 
diluent were obtained from Hollister Stier (Spokane, WA). Streptokinase 
streptase and coccidioidin were purchased from Behringwereke Ag (Mar- 
burg/Lahn, Germany), and Berkeley Biologicals (Berkeley, CA), respec- 
tively The response to these antigens was determined by measuring 
mean induration diameters (mm) at 48 + 2 h, and again at 72 f 2 h, after 
injections. Data are reported as the sum of induration diameters for pos- 
itive responses (induration score) and the number of positive responses 
to the seven antigens (antigen score). 

Humoral Immune Responses 
A diptheria-tetanus vaccine was administered to all subjects on d 5 

and again on d 102 to assess the effect of selenium on the secondary 
immune response to previously administered antigens. A multivalent 
influenza vaccine was also administered on d 102 to assess selenium’s 
effect on the primary immune response to a novel antigen. Specific anti- 
body titers were measured immediately before and 7 d and 14 d after 
inoculation with the vaccines, using the hemagglutination inhibition 
assay (36). 

Statistical Analysis 
For measurements repeated more than twice, the baseline value was 

subtracted from the value at each time-point to calculate within-subject 
changes, and repeated measures analysis of variance was used to test for 
significant effects of dietary selenium and time. When the selenium main 
effect or the selenium x time interaction was significant, the Student- 
Newman-Keuls multiple comparison test was used to identify significant 
differences between the groups at individual time-points. For measure- 
ments obtained only twice (during baseline and at the end of the study), 
within-subject changes were compared between groups with a two-tailed 
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Fig. 1. Changes in blood plasma selenium. Points represent the mean 
within-subject changes from baseline for subjects consuming the high-selenium 
diet (H) or the low-selenium diet (0). Asterisks designate the time-points at 
which the group means were significantly different. 

f-test. Measurements obtained only at the end of the study were com- 
pared between groups with a two-tailed t-test without any correction. 
Statistical tests were performed with SigmaStat software (SPSS, Chicago, 
IL). A probability of 0.05 or less was considered significant. 

RESULTS 

The high- and low-selenium diets caused significant changes in cir- 
culating selenium concentrations, which increased by 77% and decreased 
by 39% in plasma (Fig. 1) and increased by 70% and decreased by 27% 
in erythrocytes (Fig. 2). The final blood selenium concentrations were 
116 + 11 pg/L and 278 + 21 pg/L in erythrocytes and 72.4 + 9.5 pg/L 
and 187 + 23 pg/L in plasma for the low-selenium and high-selenium 
groups, respectively. These changes in blood selenium concentrations 
were accompanied by corresponding but smaller changes in glutathione 
peroxidase activities (data not shown). Selenium and glutathione perox- 
idase were not measured in white blood cells. 

Serum immunoglobulins were largely unaffected by the experimen- 
tal diets, although IgM declined by about 10% in both groups (Table 3). 
Complement fraction C4 declined slightly in both groups, but C3 was 
unaffected in either group (Table 3). These parameters remained within 
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Fig. 2. Changes in erythrocyte selenium. Points represent the mean 
within-subject changes from baseline for subjects consuming the high-selenium 
diet (m) or the low-selenium diet (0). Asterisks designate the time-points at 
which the group means were significantly different. 

clinically normal ranges for healthy adults throughout the study. The pri- 
mary immune response of specific serum antibodies to an initial chal- 
lenge with influenza vaccine at the end of the study was not different 
between groups (Table 3). However, dietary selenium did seem to boost 
the secondary immune response to diphtheria vaccine when rechal- 
lenged at the end of the study. The increased diphtheria antibody re- 
sponse from selenium was not quite significant in the repeated measures 
analysis of variance of the raw data @ = O.OS), but could be seen clearly 
when the data were expressed as ratios. The mean within-subject ratio of 
specific antibody titers 14 d after reinoculation (d 116) to titers 14 d after 
the initial challenge at baseline (d 19) was significantly greater (p=O.O31, 
f-test of log-transformed data) in the high-selenium group (2.7 k 1.8-fold 
vs 0.9 f. 0.6-fold). The titers of tetanus-specific antibodies exceeded the 
range of the assay in most samples, so no differences could be detected. 

The mean white blood cell count decreased by 5% in the high- 
selenium group and increased by 10% in the low-selenium group (Table 
4 and Fig. 3). Lymphocyte counts increased transiently in the high-selenium 
group, with a maximum 17% increase at d 45 (Fig. 4), but both groups 
ended with similar, slight overall increases in lymphocytes (Table 3). 
Granulocytes accounted for most of the changes in white blood cell 
counts, decreasing by 9% in the high-selenium group and increasing by 
12% in the low-selenium group (Table 4 and Fig. 5). Erythrocyte counts, 
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Table 3 
Effects of Low-Selenium and High-Selenium Diets on Humoral Immune System 

Low selenium group 
(n = 6) 

Baseline Final 
valuet value 

(mean f SD) (mean f SD) 

IgA, mg/dL 260 rt 131 
IgG, mg/dL 1086 f 125 
IgM mg/dL 132 + 47 
C3, mg/dL 112 * 15 
C4, mg/dL 23.8 f 5.2 
Pre-inoculation influenza A titre n.a. 
Post-inoculation influenza A titre n.a. 
R-e-inoculation influenza B titre n.a. 
Post-inoculation influenza B titre n.a. 
Pre-inoculation diptheria titre 1550 + 2000 
Post-inoculation diptheria titre 14,100 * 14,600 

260 + 126 
1144 f 249 
123 zt 49 
112 f 14 

20.5 f 5.4 
640 * 313 

1960 f 1230 
1200 * 114 
4430 + 3010 

14,700 zt 20,300 

High selenium group 
(n = 5) 

Baseline Final 
value value 

(mean + SD) (mean f SD) 

217 f 52 
1025 + 243 

101 i 52 
107 f 17 

20.7 f 2.7 
n.a. 
n.a. 
na. 
n.a. 

2100 + 1800 

Statistical analysis* 

Se Time Sex Time 

(P) (P) (P) 

204 rt 40 
962 it 174 
89 i 38 

109 f 23 
18.7 i 3.0 
461 * 115 

2250 zt 1800 
1850 it 1480 
3380 zi 2980 

12,400 + 16,400 
16,600 A 18,900 15,400 + 14,500 23,600 * 16,800 

~~- ~~- 
*Two-way repeated measures analysis of variance, SigmaStat 2.0. 

-- ~- 

Q F 
SAverage value during 21-d baseline period. 

cc2 .” 
+The secondary immune response to diphtheria vaccine (mean within-subject fold change in titers from d 19 to d 116) was significantly 

greater in the high selenium group (2.7-fold vs O.Pfold, p = 0.031, f-test of log-transformed ratios). 

- 
- 
- 
- 
- 
- 
- 
- 
- 
-t 

- 
- 

0.009 
- 

<O.OOl 
na. 
n.a. 
n.a. 
n.a. 
- 
- 

- 
- 
- 
- 
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n.a. 
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Table 4 
Effects of Low-Selenium and High-Selenium Diets on Complete Blood Cell Counts and Blood Chemistry 

Low selenium group High selenium group 
(n = 6) (n = 5) 

Statistical analysis* 
5 
5 

Baseline 
valuet 

(mean i SD) 

Final 
value 

(mean +- SD) 

Baseline 
value 

(mean * SD) 

Final 
value 

(mean + SD) 

Se 

(P) 

Time Se” Time @ 

(P) (P) 

White blood cells, thou/cu mm 4.1 f 0.75 4.5 -c_ 0.76 
Lymphocytes, thou/cu mm 1.66 * 0.30 1.78 f 0.16 
Granulocytes, thou/cu mm 2.08 f 0.64 2.3 + 0.71 

Platelets, thou/cu mm 253 f 48 245 i 52 

Erythrocytes, mtilion/cu mm 5.1 2 0.52 4.9 + 0.45 

Hemoglobin, g/dL 14.9 + 1.3 14.2 * 1.00 

Hematocrit, % 44.5 * 4.0 41.8 rt 3.3 

*Two-way repeated measures analysis of variance, SigmaStat 2.0. 
SAverage value during 21-d baseline period. 

6.1 f 1.3 5.8 + 1.4 - 0.017 0.021 

2.04 * 0.37 2.14 + 0.53 - 0.019 0.007 

3.61 rf: 0.97 3.3 + 1.05 - - 0.001 

281 zt 76 274 + 69 - - - 
4.9 k 0.62 4.7 +- 0.68 - - 

14.2 2 0.59 13.8 +. 1.07 - - <O.OOl 

42.2 zt 1.8 40.7 k 2.9 - <O.OOl - 
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Fig. 3. Changes in white blood cell count. Points represent the mean 
within-subject changes from baseline for subjects consuming the high-selenium 
diet (m) or the low-selenium diet (0). Asterisks designate the time-points at 
which the group means were significantly different. - 
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Fig. 4. Changes in lymphocyte count, Points represent the mean within- 
subject changes from baseline for subjects consuming the high-selenium diet (m) 
or the low-selenium diet (a). Asterisks designate the time-points at which the 
group means were significantly different. 
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Fig. 5 . C h a n g e s  in  g ranu locy te  c o u n ts. P o ints r e p r e s e n t th e  m e a n  wi th in-  
subject  c h a n g e s  f rom base l ine  fo r  subjects c o n s u m i n g  th e  h igh -se len ium d ie t (m)  
o r  th e  low-se len ium diet  (a).  As ter isks d e s i g n a te  th e  tim e - p o i n ts a t wh ich  th e  
g r o u p  m e a n s  w e r e  signif icantly dif ferent.  

h e m o g l o b i n  c o n c e n trat ions, a n d  h e m a tocrit  d r o p p e d  sl ightly in  b o th  
g r o u p s  d u r i n g  th e  stu d y , p robab l y  as  a  resul t  o f th e  r e p e a te d  b l o o d  sam-  
p l ings  (app rox . 7 2 5  m L  in  1 2 0  d ) . L y m p h o c y te  p h e n o typ e s  w e r e  o f sim i- 
lar  a b u n d a n c e  in  b o th  g r o u p s  a n d , fo r  th e  m o s t p a r t, w e r e  n o t a ffec ted  
by  d ietary  se len ium (Tab le  5 ) . T-Cel ls  car ry ing th e  H L A - D R  a n tig e n  
te n d e d  to  inc rease  by  a b o u t 2 0 %  in  th e  h igh -se len ium g r o u p  (F ig  6 .), b u t 
th e  d i f ference on ly  a p p r o a c h e d  sta tistica l  s igni f icance ( p = O .O S S ) . Cyto-  
toxic T- lymphocytes  s e e m e d  to  inc rease  in  th e  h igh -se len ium g r o u p  (Fig. 
7 ) , b u t th e  t rend  was  n o t sta tistical ly s igni f icant ( p = O .lO ). 

In  vitro pro l i ferat ion o f P B M N C s  in  r e s p o n s e  to  m ito g e n s  was  n o t 
a ffec ted  g r e a tly by  d ietary  se len ium. W h e n  cu l tured in  h e te r o l o g o u s  
s e r u m  f rom a  d o n o r  p o o l , n o  e ffects o f se len ium w e r e  observab le  (Tab le  
6 ) . H o w e v e r , P B M N C s  f rom th e  h igh -se len ium g r o u p  th a t w e r e  cu l tured 
in  s e r u m  f rom th e  s a m e  subject  a n d  stim u la ted with p o k e w e e d  m ito g e n  
pro l i fera ted m o r e  th a n  cel ls f rom th e  low-se len ium g r o u p  a t d  4 5  a n d  7 2  
(Tab le  7 ) . By  d  1 0 0 , th is  d i f ference h a d  d i s a p p e a r e d , a n d  b o th  g r o u p s  
e n d e d  with sim i lar 5 0 - 6 0 %  overa l l  increases  in  pro l i ferat ion in  r e s p o n s e  
to  p o k e w e e d  m ito g e n  (Figs. 8  a n d  9 ) . This  ear ly  inc rease  in  pro l i ferat ion 
in  th e  h igh -se len ium g r o u p  was  o b s e r v e d  with e i ther  1  m g /L  o r  2  m g /L  
c o n c e n trat ions o f p o k e w e e d  m ito g e n , b u t on ly  w h e n  cu l tured with a u to -  
l ogous  s e r u m . P B M N C s  cu l tured with Concanava l i n  A  a t 1 0  o r  2 0  m g /L  
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Table 5 

ff 
Effects of Low-Selenium and High-Selenium Diets on Peripheral Blood Lymphocyte Phenotypes 

9 
3 

Low selenium group High selenium group Statistical analysis* 
(n = 6) (n = 5) 

if Baseline Final Baseline Final Se Time Sex Time 
al valuet value value value 
3 5 (mean f SD) (mean f SD) (mean f SD) (mean + SD) (P) (P) (P) 

B (CD19+), 106/L 222 + 70 251 ZL 60 307 rt 72 294 zt 97 - - - 

T (CD3+), 106 /L 1177 * 157 1290 f 51 1502 + 295 1582 +- 437 - - - 

T helper (CD3+,4+), 106 /L 715 f 122 791 f 54 928 f 148 950 zt 215 - - - 

T (CD3+,8+), 10 /L suppressor 415 * 47 446k58 498 f 206 593 f 368 - 0.032 - 
NK cells (CD3-,16+,56+), 106/L 218 +_ 138 196 f 111 201 -k 71 261 +- 205 - - - 

Cytotoxic T (CD3+,16+,56+), 106/L 14 f 10 7.8 i 5.8 40 it 29 50 zt 42 - 0.004 - 

Activated T (HLA-DR+), 106/L 101 zt 46 95 2 31 262 + 221 322 + 322 - 0.080 0.088 
NK activity, % lysis+ 44 + 14 42 2 21 45 i 2.8 53 * 19 - - - 

*Two-way repeated measures analysis of variance, SigmaStat 2.0. 
SAverage value during 21-d baseline period. 
+Effector : target cell ratio was 50 : 1. No significant changes were observed at the other effector : target cell ratios tested. 
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Fig. 6. Changes in HLA-DR antigen on peripheral blood lymphocytes 
measured by fluorescence-activated cell sorting. Points represent the mean 
within-subject changes from baseline for subjects consuming the high-selenium 
diet (m) or the low-selenium diet (0). 
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Fig. 7. Changes in cytotoxic T-lymphocytes. CD3+,56+ cells were measured 
by fluorescence-activated cell sorting. Points represent the mean within-subject 
changes from baseline for subjects consuming the high-selenium diet (m) or the 
low-selenium diet (0). 
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Table 6 
Effects of Low-Selenium and High-Selenium Diets on Mitogen-Stimulated In Vitro Proliferation 

of PBMNCs with Autologous Serum 

Low selenium group High selenium group 
(n = 6) (n = 5) 

Statistical analysis* 

Baseline Final Baseline Final Se 
value$ value value value 

(mean + SD) (mean + SD) (mean +- SD) (mean + SD) (p) 

Time Sex Time 

(P) (P) 

Phytohaemagglutinin 5, Bq/ 1000 cells 10.0 f 3.1 11.5 + 3.3 9.7 + 2.2 10.8 f 2.4 - - - 
Phytohaemagglutinin 10, Bq/ 1000 cells 13.0 f 2.2 13.5 rt 2.2 12.0 i 1.8 11.7 f 1.1 - - - 

Concanavalin A 10, Bq/ 1000 cells 4.9 -+ 1.5 7.0 -t 0.9 4.2 f 1.9 5.7 i 1.5 - <O.OOl - 

Concanavalin A 20, Bq/ 1000 cells 5.8 + 1.6 7.9 * 0.9 4.8 * 2.0 6.8 + 1.0 - <O.OOl - 

Pokeweed mitogen 1, Bq/ 1000 cells 3.8 + 1.2 6.2 + 0.7 3.3 f 1.4 5.3 ic 1.8 - <O.OOl 0.018 
Pokeweed mitogen 2, Bq/ 1000 cells 4.5 i 1.6 6.8 zt 0.8 
Control, Bql 1000 cells 0.044 + 0.010 0.037 f 0.010 

*Two-way repeated measures analysis of variance, SigmaStat 2.0. 
$Average value during 21-d baseline period. 

3.8 rt 1.6 5.8 iz 2.1 - <O.OOl 0.003 
0.046 f 0.011 0.036 f 0.015 - <O.OOl - 

_..- -i -,.- 
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Effects of Low-Selenium and High-Selenium Diets on Mitogen-Stimulated In Vitro Proliferation A 

of PBMNCs with Heterologous Serum 
i! 5 

B 
Low selenium group High selenium group Statistical analysis* 5 

2 
(n = 6) (n = 5) 

5 
g 

Baseline Final Baseline Final Se Time Sex Time 
valueS value value value 

Parameter (mean + SD) (mean c SD) (mean f SD) (mean + SD) (p) (P) (P) 

Phytohaemagglutinin 5, Bq/ 1000 cells 13.3 * 2.0 15.1 f 2.2 11.3 + 1.3 11.4 -c 1.2 - - - 

Phytohaemagglutinin 10, Bq/ 1000 cells 14.1 + 2.5 14.5 f 1.1 13.2 zt 1.5 12.3 rf: 0.9 - - - 

Concanavalin A 10, Bq/ 1000 cells 5.6 + 1.8 7.7 + 1.0 6.0 f 2.3 5.9 f 2.6 - - - 

Concanavalin A 20, Bq/ 1000 cells 6.9 + 1.9 9.0 + 1.2 6.8 + 2.5 6.7 + 2.7 - - - 

Pokeweed mitogen 1, Bq/ 1000 cells 3.2 + 1.3 4.8 + 1.2 3.5 f 2.6 4.5 t 1.3 - 0.004 - 

Pokeweed mitogen 2, Bq/ 1000 cells 4.1 + 1.7 5.6 r 1.1 4.2 2 2.9 5.0 + 1.7 - 0.008 - 

Control, Bq/ 1000 cells 0.09 f 0.13 0.04 f 0.01 0.07 f 0.03 0.04 * 0.01 - - - 

‘Two-way repeated measures analysis of variance, SigmaStat 2.0. 
SAverage value during 21-d baseline period. 
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Fig. 8. Changes in lymphocyte proliferation with 1 mg/L pokeweed mito- 
gen in autologous serum. Points represent the mean within-subject changes from 
baseline for subjects consuming the high-selenium diet (H) or the low-selenium 
diet (0). Asterisks designate the time-points at which the group means were sig- 
nificantly different. 

20 40 60 80 100 120 
Time in study, d 

Fig. 9. Changes in lymphocyte proliferation with 2 mg/L pokeweed mito- 
gen in autologous serum. Points represent the mean within-subject changes from 
baseline for subjects consuming the high-selenium diet (m) or the low selenium 
diet (0). Asterisks designate the time-points at which the group means were sig- 
nificantly different. 
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displayed the same apparent trend toward earlier proliferative responses 
in the high-selenium group (not shown), but the differences were not sig- 
mficant in the repeated measures of analysis of variance (ANOVA), 

Dietary selenium did not appear to affect DHS skin responses in this 
study (Table 8). However, there was a general trend toward decreasing 
responses in both groups during the study. The induration scores at 72 h 
after injection of the recall antigens at the end of the study were signifi- 
cantly decreased in both groups by an average of 31% compared to the 
baseline scores. 

DISCUSSION 

The overall health of the subjects did not change during the study. 
There was a small (0.9 kg) but statistically significant increase in mean 
body weight in the high-selenium group and a significant (0.4 kg) 
decrease in mean body weight in the low-selenium group. Mean serum i 
Ts concentration was slightly depressed in the high-selenium group and 
slightly increased in the low-selenium group, and the difference was statis- 
tically sign&ant (data not shown). Serum TSH was elevated 34% in the 
high-selenium group (not shown). Serum triglycerides fell slightly in 
the high-selenium group and rose somewhat in the low-selenium group. 
These observations are the subjects of separate reports and will not be 
discussed further here. The other blood chemistry parameters measured 
were not affected by selenium and remained within normal adult ranges. 

Even though blood selenium status was significantly altered, 99 d of 
dietary selenium treatments did not result in large changes in immune 
status. There are many deep tissue pools of slowly exchanging selenium 
in the human body, and it is possible that this study was too short to 
observe the full effects of dietary selenium on the immune system. For 
example, sperm selenium (data not shown) did not change at all in either 
group, reflecting the slow turnover of selenium in testes. Immune cells in 
lymphoid tissues with slowly equilibrating pools of selenium may not 
have been affected by this relatively brief dietary intervention. Selenium 
turnover in human lymphoid tissues appears to be a largely unexplored 
area, and we did not measure selenium or glutathione peroxidase in 
white blood cells, so we cannot say to what extent a failure to observe a 
particular effect of dietary selenium may have been the result of not 
shifting the selenium status of the immune cells involved. Further stud- 
ies on the metabolism and kinetics of selenium in human lymphoid tis- 
sues and/or longer human nutritional studies with selenium are needed 
to follow up on these negative observations. 

Our observation that PBMNC proliferation in response to pokeweed 
mitogen was stimulated earlier in the high-selenium group (Figs. 6 and 
7) is similar to a previous observation that supplementation of elderly 
subjects with high-selenium yeast could reverse the age-related decline 
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in lymphocyte proliferative capacity in response to pokeweed mitogen 
(2). On the other hand, we did not observe any effect of dietary selenium 
on proliferation in response to phytohaemagglutinin, as was reported for 
sodium selenite supplements (3). The forms of selenium in our study 
were more similar to the forms in high-selenium yeast than they were to 
sodium selenite, which is relatively more reactive and more rapidly 
metabolized. The lack of a proliferative response with phytohemagglu- 
tinin in our study may be related to our use of food selenium instead of 
a pure selenium salt. Indeed, this study was designed to isolate only the 
effects of food-borne selenium and to exclude any chemical or pharma- 
cological effects of the pure selenium chemicals most often used, but 
which typically do not occur in the human diet. Stimulation by selenium 
of lymphocyte proliferation in response to phytohemagglutinin may be 
an effect that depends on the chemical form of the selenium. 

The apparent increases in circulating cytotoxic lymphocytes and acti- 
vated lymphocytes expressing the HLA-DR antigen, although only 
approaching statistically significance, would tend to support an earlier, 
report that lymphocyte-mediated tumor cytotoxicity was increased in 
sodium-selenite-supplemented subjects and to support those authors’ 
interpretation that the increased tumor cytotoxicity was caused by sele- 
nium’s increasing the activation of lymphocytes (5). This earlier study 
also reported that sodium-selenite-supplemented subjects had 82% 
higher levels of NK cell activity. We did not observe any change in NK 
cell activity. However, the number of circulating lymphocytes carrying 
surface markers for NK cells (CD3-,16+,56+) appeared to be higher in the 
high-selenium group in our study, but the trend was not statistically sig- 
nificant. The different forms of selenium, food-borne versus sodium 
selenite, may explain these differing observations on NK cells. Indeed, a 
recent study in mice found that sodium selenite had many more and dra- 
matically larger effects on the immune system than did selenomethion- 
ine f37), the major form of selenium reported in yeast and other foods. 

Our observation of enhanced secondary immune responses of spe- 
cific serum antibodies to reinoculation with diphtheria vaccine appears 
to be the first report of increased production of specific antibodies result- 
ing from dietary selenium in humans. Increased antibody responses to 
influenza vaccinations have been reported in elderly subjects supple- 
mented with zinc and selenium sulfide (38), but the effect could not be 
attributed solely to selenium. The increased secondary antibody response 
to diphtheria vaccine and the earlier increase of B-lymphocyte prolifera- 
tion observed in the high-selenium group may be related to reports from 
China that selenium supplementation decreases the incidence of hepati- 
tis B infections (4). Most animal studies have failed to observe an effect 
of selenium on antibody production, but there have been a few reports 
in which selenium improved primary humoral immune responses to for- 
eign antigens in sheep, calves, and ponies (3942). However, we could 
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find no previous reports of selenium affecting the secondary immune 
response in animals or humans. 

The lack of an effect of dietary selenium on DHS skin responses in 
the current study is consistent with at least one previous human study 
that failed to observe improved DHS with selenium supplementation (38), 
but stands in contrast to other human studies where significant 
improvements in DHS have been associated with selenium supplementa- 
tion (43,44). Animal studies have reported stimulatory, inhibitory, or no 
effects of selenium on DHS (4549). Differences in experimental designs, 
forms of selenium, initial selenium status, and the recall antigens used 
may explain some of these disparate results. Our results imply that 
increased intake of food selenium over that supplied by a typical Amer- 
ican diet may improve the effectiveness of vaccinations and resistance to 
subsequent infections, but may not improve cellular immune status. 

Many of the effects of dietary selenium observed in the current 
study-enhanced secondary humoral immune response, increased lym- 
phocyte counts, and apparent increases in cytotoxic lymphocytes, NK 
cells, and activated lymphocytes- are consistent with a generalized role 
of selenium in supporting the cellular immune system. The decrease of 
granulocyte counts with high selenium and the increase in granulocytes 
with low selenium may be related to the cell growth-regulatory 
properties of selenium or they might reflect selenium’s pro-apoptotic 
functions. The decreased granulocyte counts in the high-selenium 
group might also reflect the beneficial effects of selenium on other com- 
ponents of the immune system, which lead to fewer infections and less 
granulocyte production, or they might indicate a compensatory de- 
crease in nonspecific immunity secondary to the observed increases in 
specific immune responses. More studies in humans and animals will 
be needed to clarify the effects of dietary selenium on the immune sys- 
tem and to fully understand the underlying mechanisms. The apparent 
efficacy of selenium supplementation for cancer prevention (50), the 
increased pathogenicity of viruses from selenium-deficient hosts (X), 
and the decreased survival of selenium-deficient AIDS patients (26) 
highlight the need to more fully understand the functions of selenium, 
especially individual selenoproteins, in each of the cell types of the 
immune system. 
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